Tidal disruption and the tale of three clusters 



Guido De Marchi 1 , Luigi Pulonc 2 , and Francesco Paresce 3 

1 ESA, Space Science Department, Noordwijk, Netherlands gdemarchi@esa.int 

2 INAF, Observatory of Rome, Monte Porzio, Italy pulone@mporzio.astro.it 

3 INAF, Rome, Italy f paresce@inaf . it 



Abstract 4 

How well can we tell whether a cluster will survive the Galaxy's tidal forces? 
This is conceptually easy to do if we know the cluster's total mass, mass 
structure and space motion parameters. This information is used in models 
that predict the probability of disruption due to tidal stripping, disc and 
bulge shocking [7, 6, 2]. But just how accurate is the information that goes 
into these models and, therefore, how reliable are their predictions? To under- 
stand the virtues and weaknesses of these models, we have studied in detail 
three clusters (NGC 6397, NGC 6712, NGC 6218) whose predicted interac- 
tion with the galaxy is very different. We have used deep HST and VLT data 
to measure the luminosity function (LF) of stars throughout the clusters in 
order to derive a solid global mass function (GMF). The latter is the best 
tell-tale of the strength and extent of tidal stripping operated by the Galaxy. 
This is because the evaporation of stars from the cluster causes a progressive 
flattening of the IMF [9] and this effect is enhanced by tidal stripping and 
disc/bulge shocking. Therefore, at any time, the shape of the GMF must 
reflect the past interaction of the cluster with the Galaxy. Since the three 
clusters that we have studied have widely different probabilities of disruption 
(see the predicted times to disruption in Table 1), we expected to find 
widely different GMFs. We indeed found that the GMF of the three clusters 
is different, but not in the way predicted by the models, as we explain below. 

To derive a reliable GMF, it is necessary to measure the stellar LF at 
various locations in the cluster, in order to build a solid model of the cluster's 
dynamics. Our accurate measurements in several bands [4, 1, 5] have allowed 
us to determine the GMF of the three clusters for stars down to ~ 0.2 M , 
where it is most sensitive to tidal stripping. While the GMF of NGC 6397 
is that typical of globular clusters, with a peak at ~ 0.3 M , NGC 6218 and 
NGC 6712 have very flat GMF. Near the half-mass radius, the LF that we 
observed for these two clusters is severely depleted at the low-mass end. But 
while the orbit of NGC 6712 is compatible with "ferocious" stripping, that 



4 Space limitations do not allow us to present our work in full detail. We, therefore, 
include here a brief summary of the main results. For the complete version of 
this paper, the reader should refer to De Marchi et al. (2006) [5]. 
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of NGC 6218 is not [3]. However, our analysis shows that the orbit of NGC 
6218 used in these models is not realistic. In fact, more recent work based on 
the Hipparcos reference system [8] indicates for NGC 6218 an irregular orbit 
with shorter perigalactic distance, more prone to extensive stripping. We 
conclude that existing models of cluster disruption are limited by the lack of 
information on the precise cluster space motions. However, they benefit from 
an accurate knowledge of the GMF. Before the advent of GAIA, which will 
make it possible to measure reliably the orbits of many clusters, the only way 
forward to understand the evolution of the globular cluster system rests on 
the accurate measurement of the GMF of a large number of these objects. A 
telescope such as the VLT is perfectly suited for this task. 



Table 1. Predicted times to disruption Td in Gyr 



Reference 


NGC 6397 


NGC 6218 


NGC 6712 


Gnedin & Ostriker 1997 


2.1 


14.5 


0.3 


Dinescu et al. 1999 


3.9 


29.4 


3.7 


Baumgardt & Makino 2003 


11.3 


16.3 


9.0 




Fig. 1. The solid lines show the best fit- 
: ting power-law GMF as derived using our 

dynamical models applied to a set of ra- 
: dial LFs. The symbols joined by the dashed 

lines show the local MF as measured near 

the half-mass radius of each cluster, prov- 
- ing that the latter is a good approximation 

to the GMF. While the time to disruption 
: (T d ) of NGC 6712 justifies its falling GMF, 
j NGC 6218 should have a GMF as steep as 



2 that of NGC 6397, given its very long T d . 
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